SUMMARY Seventy-nine male chronic alcoholics who had been tested for autonomic neuropathy using four tests of vagus nerve function were followed for up to 7 years (mean 5-5 years). Thirty-two subjects had no vagal neuropathy, 25 had one abnormal test and 22 had two or more abnormal vagal function tests and two of these also had orthostatic hypotension. There were no differences between the reported alcohol consumptions and evidence of central or peripheral nerve or liver damage between the three groups. Twelve patients died during the follow-up period. At 7 years the percentage survival for the subjects with no evidence of vagal neuropathy was 91%, with one abnormal test it was 66% and with two or more abnormal tests it was 79%. The expected percentage survival for each of the group was 94%, 91% and 88% respectively. The results suggest that evidence of vagal neuropathy in chronic alcoholics is associated with a significantly higher mortality than in the general population and that deaths due to cardiovascular disease are a major cause.
In 1980 we showed that chronic damage to the vagus nerve may be a feature of alcoholic polyneuropathy and could be identified by simple physiological observations.' A previous study had shown evidence of pathological changes in vagus nerve in four patients with alcoholic neuropathy in whom dysphonia and dysphagia were prominent clinical features.2 The voice and swallowing problems were apparently due to varying degrees of degeneration of the vagus nerve and one of the four patients also had degeneration of nerves in sympathetic tracts and had clinical symptoms of hypothermia and hypotension due to sympathetic dysfunction. Parasympathetic dysfunction affecting the vagus nerve has been confirmed in heavy drinkers who may show depressed reflex heart rate responses.34 Sympathetic dysfunction is, however, rare5 although orthostatic hypotension may occur in a few patients.6 In diabetes mellitus autonomic nervous system dysfunction is a finding with a grave prognosis. In one series diabetics with symptoms of autonomic neuropathy and abnormal autonomic function tests had a mortality rate after 5 years of 56%.7 In diabetes however, the clinical condition is a continuing one and orthostatic hypotension is more frequent. In alcoholics neither feature is of such significance; alcoholics may withdraw from alcohol and this may lead to improvement in autonomic function tests;8 also, alcoholics may withdraw permanently from alcohol.
In order to assess the significance of abnormal autonomic function in the prognosis of chronic alcoholics we have investigated the mortality in 79 alcoholics who had been studied with four tests of autonomic activity between 3-5 and 7 years previously. Our results indicate there is a highly significant increase in death rate although of a smaller degree than occurs in patients similarly affected in diabetes mellitus.
Subjects and methods

Patients
Seventy-nine male alcoholics were assessed for autonomic function between June 1979 and March 1983. They were aged between 33 and 69 years (mean 51 6) when first studied and had been drinking between 100 and 300 g ethyl alcohol daily for 10 to 40 years. At the time ofassessment the subjects were undergoing rehabilitation and had abstained from alcohol for 2 weeks to 3 years (mean 4 months). None of the subjects had clinical symptoms of hypertension or heart disease but had varying degrees of alcohol-related neurological and hepatic damage. Whether or not the alcoholics survived up to 7 years after testing was determined through surveillance of death 13 A change of heart rate of > 15 beats/min was considered as normal.'4 Atropine (1 8mg) was administered intravenously at a rate of 0-6 mg/mI/min, with an interval of 1 minute between each 0-6 mg dose. HR was monitored throughout infusion of atropine and until it reached a maximum (which took up to 5 to 10 minutes). The maximum change in HR from rest was calculated. An increase of heart rate of > 20 beats/min was considered as normal. 13 15 The normal values given for each of the tests above are from published sources. Clinical assessment of liver damage Subjects were physically examined for liver enlargement and tenderness, spider naevi, jaundice and evidence of hormonal dysfunction. Blood was also taken for measurement of serum enzymes (gamma-glutamyal transferase, alanine transaminase, alkaline phosphatase), albumin levels and prothrombin time to assess liver function.
Statistics
The study date was taken as the 30 June 1986. This allowed a maximum follow up of 7 years. The mean follow up period was 5 5 years. Deaths which had occurred up to the time of the study date were identified from surveillance of all New Zealand death certificates. Based on the Eighth Revision of the International Classification of Diseases, the major cause of death was identified from among causes appearing on the death certificate. Expected rates of death from all causes and some selected causes were calculated for each age group on the basis of the mortality of the New Zealand male population in 1983 (the mid point of $he study). Survival Curves were calculated using standard methods"6 and results were analysed statistically using chi-squared and log rank testing. "'
Results
Autonomic function Of the 79 subjects that were examined, 32 had no evidence of vagal neuropathy, 25 subjects had one abnormal test result and 22 subjects had two or more abnormal results (table 1) . Two subjects who both had abnormal results for all four autonomic function tests also had ort,hostatic hypotension (falls of 140/70 to 110/55 and 150/95 to 85/50mmHg respectively). The subjects were divided into these three groups for fur- (5 3) from an age and sex matched population. The nine deaths observed in the subjects with one or more abnormal vagal function tests were significantly greater when compared with the expected number (3 9, p < 0-001) of deaths for their combined groups. Subjects who had four normal vagal function tests did not have a significantly (p = 016) different number of deaths (3) when compared with an age matched population (1-4) . The calculated percentage survivals over the 7 year follow-up period are shown in the fig. The subjects with no evidence of vagal neuropathy had 91% survival at 7 years. The subjects who had one abnormal vagal function test result had 66% survival at 7 years and the subjects who had two or more abnormal vagal function results had 79% survival at 7 years. There was a significant increase in deaths due to respiratory (p < 0001) and cardiovascular (p = 0 009) diseases in the total group of all alcoholic subjects. The total number of deaths due to cardiovascular disease in the subjects without evidence of vagal neuropathy was not significantly raised (1 death observed, 0 44 expected; p = 0 39) however the numbers of these deaths was significantly raised in the subjects who had one or more abnormal vagal function test results (5 deaths observed, 1-76 deaths expected; p = 0-013).
The number of observed deaths due to cerebrovascular disease (3) was significantly higher (p < 0-001) in the total group of alcoholics than the number expected from a general age matched population.
Discussion
The tests which showed the greatest number of abnormal results were heart rate changes with deep breathing and on standing (30: 15 ratio) whereas the Valsalva manoeuvre gave the lowest (table 1) . In all tests, however, the apparent sensitivity depends upon the level taken as the lower limit of normal values. In this paper we have taken previously reported values for each test. Our observations suggest however, that the lower limit of normal values for the HR ratio derived from Valsalva's manoeuvre should be closer to that originally recommended (> 1-5) by Levin,'0 or perhaps > 1 4 rather than the more recently recommended figure of > 1 2, which we have used.
The excess number of observed deaths compared to the expected number of deaths we have observed was amongst the alcoholics who had evidence of vagal neuropathy using the values for normality recommended by previous workers. In a similar study of diabetics, increased mortality was also found in those 479 who had evidence of autonomic neuropathy. 7 18 The survival of diabetics with autonomic neuropathy was less than that of our alcoholics with vagal neuropathy observed in this study (fig) . The higher mortality observed in diabetics with autonomic neuropathy may be due to several factors. First, 50% of the observed deaths in Ewings study7 were attributed to renal failure; a frequent problem in diabetics although rare in alcoholics. Second, the progression of autonomic neuropathy in diabetics is different from that in alcoholics. In diabetics once cardiovascular tests are found to be abnormal, there is no reversal7 whereas chronic alcoholics with vagal neuropathy may have improvement of vagal function tests following continued abstinence.8 The lower mortality rate amongst alcoholics with vagal neuropathy may therefore reflect long periods of abstinence or complete abstinence in several of the subjects. Third, the increased rate of mortality in diabetics may reflect the fact that autonomic neuropathy in diabetics affects sympathetic and parasympathetic nerve pathways whereas alcoholics generally have evidence of parasympathetic neuropathy only.
Orthostatic hypotension was observed in only two subjects. It was unlikely to be due to acute blood volume changes following withdrawal and it was observed after at least 6 weeks of abstinence and was probably due to sympathetic failure as this occurs in some similar patients6 but is nevertheless rare in alcoholics. 19 Our observations indicate that alcoholic autonomic neuropathy primarily affects the parasympathetic pathways rather than the sympathetic pathways.
Autonomic neuropathy in chronic alcoholism has been recognised both clinically20 and pathologically2 although the consequences of alcoholic neuropathy as a cause of significant changes in autonomic nervous reflexes has previously been considered insignificant.5 However, more recently alcoholic autonomic neuropathy, particularly damage to the parasympathetic pathways, has been shown to have pathophysiological effects on cardiovascular reflexes,1 pupillary func-22~~~~23 tion,2" sexual impotence22 and sleep apnoea.
The majority of the deaths observed in our series were sudden or unexplained. Several deaths were attributed to stroke and it has been recognised that heavy alcohol consumption is an important risk factor in the occurrence of stroke. 
